Another interesting nuclear process is the neutrino (ν)-process in the SNe explosion which is treated as one of important nuclear processes for the nucleosynthesis, in particular, of the neutron-deficient nuclei, such as 138 La and 180 Ta [2] [3] [4] . Here 180 Ta is a well known deformed nucleus. Since the neutrinos emitted from a proto-neutron star may have tens of MeV energy high enough to excite the deformed nuclei, one needs to understand more precisely the highlying excited states beyond one nucleon threshold. Among them, the GT excitations are of great importance because most of the charge exchange reactions are dominated by the GT transition. These high-lying GT excited states are also closely related to the nuclear structure. For example, the GT quenching problem says that the difference of total running sums S ± for empirical GT (±) transitions, S − − S + , is usually quenched compared to the Ikeda sum rule (ISR), S − − S + = 3(N − Z).
However, recent experimental GT data on the high-lying states deduced by the more energetic projectiles shed a new light on the GT states located above one nucleon threshold, whose contributions are thought to enable us to explain the quenching problem with the high-lying GT excited states through the multi-particle and multi-hole configuration mixing [5] . Of course, the contributions from the ∆ excitation and from the two-body current may be still effective for the quenching problem.
Conventional approach to understand the nuclear structure is based on the spherical symmetry. In order to describe neutron-rich nuclei and their relevant nuclear reactions occurred in the nuclear processes, one needs to develop theoretical formalism including explicitly the deformation [6, 7] . Ref. [6] exploited the Nilsson basis to the deformed quasiparticle random phase approximation (DQRPA). But the two-body interaction was derived from the effective separable force. The realistic two-body interaction is firstly considered at
Ref. [7] only with neutron-neutron (nn) and proton-proton (pp) pairing correlations which have only isospin T = 1 and J = 0 interaction. But, to properly describe the deformed nuclei, the T= 0 and J = 1 pairing should be also taken into account because it may easily lead to the deformation by the J = 1 pairing.
In this work, we extend our previous QRPA based on the spherical symmetry [8] , which has been exploited as a useful framework for describing the nuclear reactions sensitive on the nuclear structure of medium-heavy and heavy nuclei [9] . Since our DQRPA formalism is fully discussed at Ref. [10] , we briefly summarize the DQRPA used in this work. Starting from the deformed Wood Saxon potential [11] , we transform a physical state given by the diagonalization of total Hamiltonian in the Nilsson basis into the spherical basis, in which one may perform more easily theoretical calculations.
In a cylindrical coordinate, eigenfunctions of a single particle state and its time-reversed state denoted as α andᾱ in deformed Woods-Saxon potential are expressed as follows
where 
with the Clebsch-Gordan coefficient C jΩα lΛα 
where
is designed for the transformation to the deformed basis of the G-matrix. Here K ′ , which is a projection number of the total angular momentum J onto the z axis, is selected K ′ = 0 at the BCS stage because we consider the pairings of the quasi-particles at α andᾱ states. In order to renormalize the Gmatrix, strength parameters, g p pair , g n pair and g pn pair are multiplied to the G-matrix to reproduce empirical pairing gaps [8] . The β ± decay operator,β ± 1µ , is defined in the intrinsic frame aŝ
The β ± transition amplitudes from the ground state of an initial nucleus to the excited state are expressed by
where | QRP A > denotes the correlated QRPA ground state in the intrinsic frame with the nomalization factor given as
Wigner functions disappeared by using the orthogonality of two Wigner functions from the operator and the excited state, respectively. To compare to the experimental data, the GT(±) strength functions
and their running sums S Table I . The ISR I and II, which are deviated 8% maximally from the ISR, seems to be reasonable more or less, if we remind that the particle model spaces spanned by the deformed basis are finite less than 4 ω and two-body currents including ∆-excitation are not taken into account in this work.
An interesting and important point to be noticed is that the g n pair values are abnormally deviated from 1 for some prolate β 2 values. This turns out to results from the wide smearing of the Fermi surface in deformed nuclei, which makes the uv coefficients for the paring gaps the recent shell model calculations [12, 13] . For example, T = 0, J = 1 pairing, which is associated with the 3 S 0 tensor force, may lead to the deformation compared to the T = 1, J = 0 pairing.
Therefore, the deformation parameter adopted in this work may include implicitly and effectively such effects, because the single particle states from the deformed Wood Saxon potential show strong dependence on the β 2 , as shown in Figs. 3 and 4 [14] . We have taken g ph (g pp ) = 1.0(1.0) for the particle-hole (particle-particle) strength parameters for the two nuclei. Since the nuclei considered here are expected to have large energy gaps between proton and neutron spaces, in this work, we considered only the nn and pp pairing correlation although the formalism is presented generally. For example, in the neutron-rich nuclei of importance in the r-process, the np pairing may not contribute so much. But for the p-process, the np pairing could be more important than the neutron-rich nuclei because of the adjacent energy gaps of protons and neutrons. The calculations for the neutron-deficient nuclei in p-process are in progress.
In the following, we show the GT strength distributions in terms of the β 2 parameter, as a function of excited energy of parent nuclei. Therefore, experimental data are presented by adding the empirical Q values from the measured data. In Fig 5, the GT strength distribution, B(GT − ), on 82 Se is presented as a function of the excitation energy E ex w.r.t.
the ground state of 82 Se for β 2 = 0 ∼ ±0.2. Uppermost panel represents the experimental data deduced from the 82 Se(p,n) 82 Br reaction at 134.4MeV [15] . With the redistribution of the GT strengths, the GT data around 12MeV are well reproduced at β 2 = 0.2 (see (c) panel in Fig.5 ). For a reference, the β 2 value from the relativistic mean field (RMF) is 0.133 [16] . Fig.6 shows B(GT − ) of 76 Ge as a function of the excitation energy E ex with prolate shapes, β 2 = 0 ∼ 0.35. Uppermost panel represents the experimental data from the 76 Ge(p,n) 76 As reaction at 134.4MeV [15] , which show a strong GT state peak around 12
MeV. The GT strength distributions are widely scattered due to deformation similarly to In summary, to describe the single particle state in deformed basis, we used the deformed axially symmetric Woods-Saxon potential. We performed the deformed BCS and deformed the National Research Foundation of Korea (C00020, 2012R1A1A3009733, 2011-0015467).
